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More Evidence that M ethamphetamine Produces
L ong-term Damage to Human Brain Cells

Background: In recent years, abuse of methamphetamine has been increasing and spreading across the
United States. Methamphetamine is a powerfully addictive drug that profoundly affects the centra
nervous system, and recent research has suggested that it may cause long-term injury to the brain. For
example, astudy in rhesus monkeys showed that the neurotoxic effects of methamphetamine persist up
to four years after the last exposure to the drug. Studies in rodents have shown that methamphetamine
istoxic to certain brain cdls that contain the neurotransmitters dopamine and serotonin.  Furthermore,
recent studies of human methamphetamine abusers show a decrease in dopamine transporter binding
that may indicate neurotoxicity. Results from two recent studies using brain imaging techniques appear
to provide direct evidence that methamphetamine is neurotoxic in humans.

Advance: Researchers have now clearly demongtrated that methamphetamine can cause long-lasting
injury to the human brain. In arecent study, human subjects who had used methamphetamine for at
least five years and had been abstinent an average of 4.25 months and for aslong as 21 months were
studied using a brain imaging technique that alows researchers to measure concentrations of certain
biological markers that are associated with damage to neurons. One marker, N-acetylaspartate (NA),
provides a measure of nerve cdl viability. In abstinent, long-term methamphetamine abusers, NA was
reduced in severd brain areas, indicating that neurons in these regions have been damaged. Two other
markers, myoinositol and choline- containing compounds were devated in the fronta cortex of the
former methamphetamine abusers. These substances are present in glid cells, a specid type of cdll that
surrounds and supports neurons. When neurons are damaged or dig, glid cdls proliferate, which results
in an increase in myoinogitol and choline-containing compounds. The increase in these substances seen
in the present study aong with the reductions of NA in the brains of former methamphetamine abusers
indicates that methamphetamine can cause injury to neurons that is long-term and perhaps even
permanent.

Implications: This study provides direct cdlular evidence in humans that methamphetamine causes
damage to nerve cdls that perdsts even after drug use has been discontinued. This damage may explain
persistent abnorma behaviors, such as violence, psychoses, and persondity changes, which are often
observed in former abusers months and even years after they have stopped usng methamphetamine.
These results have important implications for the trestment of methamphetamine addiction. They
indicate that research efforts should focus not only on the development of treatments for
methamphetamine addiction, but dso on reversing any damage that may have occurred as aresult of
abuse. Clearly, sustained education and prevention efforts continue to be a critica component of
addressing addiction to methamphetamine, as well as other drugs.

Ernst T, Change L, Leonido-Yee M, Speck O: Evidence for long-term neurotoxicity associated with methamphetamine
abuse: A 'H MRS study. Neurology, 54(6):1344-9. 2000.
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Abuse of StimulantsIncreasesthe Risk of HIV-related Brain Damage

Background: In the United States, behavior associated with drug abuse is the sSingle largest factor in
the soread of HIV infection, with hdf of dl new HIV infections occurring among injecting drug users.
Given that many drugs of abuse can aso cause damage to the brain, researchers areinvestigating
whether these drugs can further increase HIV-related damage to the brain.

Advance: Usng a brain imaging technique known as magnetic resonance spectroscopy (MRS)
researchers found that stimulant addiction may augment the damage to the brain thet is seen with HIV
infection. The researchers used MRS to measure levels of certain brain substances that are associated
with the degeneration and degth of neuronsin patients who were HIV positive and stimulant dependent;
in patients who were HIV poditive and did not use drugs; in patients that were HIV negative and
gtimulant dependent; and in agroup of norma controls. Those who were HIV positive and stimulant
dependent had significant differencesin brain levels of severd substances that are associated with
damage to neurons when compared with norma subjects and aso with the other two patient groups.

Implications: The current study suggests that brain deficits may be more pronounced in HIV postive
individuds who are dso addicted to simulants. Currently, it is not known whether these deficits are due
to reversble brain changes or irreversible nerve cell death. This study underscores the importance of
fully characterizing brain changes that occur as aresult of HIV infection and drug addiction, as ameans
of developing treatments that can address any brain damage that occurs. These studies dso emphasize
the need for continued prevention efforts aimed at reducing drug addiction and the spread of HIV.

Taylor MJ, Alhassoon OM, Schweinsburg BC, Videen JS, Gran |, and The HNRC Group: MR spectroscopy in HIV
and stimulant dependence. Journal of the International Neuropsychological Society, 6(1):83-5. 2000.
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Pinpointing Genesfor Kidney Disease of Diabetes

Background: Diabetesisthe most common cause of end-stage kidney diseasein the U.S. In diabetes
patients, even modest amounts of protein in the urine increase the risk of progressive kidney disease as
well as cardiovascular complications. Family studies have established that the susceptibility to digbetic
kidney disease runsin families; not al diabetics develop kidney disease, even after many years a risk,
and the vulnerability to disease appears to be under control of genetic factors. The PimaIndians of
Arizona are known to have a particularly high prevaence of type 2 diabetes and digbetic kidney
disease.

Advances:. Two recent studies examined genetic susceptibility to kidney disease. One study — thefirgt
of itskind — included 96 families having over 600 people with and 600 people without type 2 diabetes.
Sgnificant differences were found in the degree of protein excreted in the urine in families with and
without diabetes. In addition, in families having both digbetic and nondiabetic individuds, the leve of
urine protein of the diabetic individuas corrdated directly with the leve, within the “norma” range, of
urine protein in the nondiabetic individuads. While the presence of diabetes adds to the probability of
higher urine protein, and therefore a greater risk for progressive kidney disease, this effect interacts with
the genetic factors that cause susceptibility to kidney disease that are not linked to diabetes. A second
study included over 2,000 Pima Indians from 715 families. These studies showed thet there is one
mgor genetic determinant associated with the development of digbetic kidney disease in this population,
and raised the possibility that this gene acts as a single dominant determinant. Contrary to previous
studies, the duration of diabetes did not predict whether or not individuas carried the genetic
susceptibility region. The authors propose that other genetic determinants with more minor effects are
likely involved as wdl, but narrowing down the number of genesis vauable for the eventud god of

identifying the susceptibility genes.

Implications: Understanding the heritable components of complex genetic diseases such askidney
disease and diadbetes is proving to be amgjor chalenge. These studies provide evidence thet protein in
the urine is agood marker of disease susceptibility, independent of additiona factors that may increase
therisk of kidney disease. Furthermore, the evidence that one mgor gene may increase susceptibility to
the kidney disease of diabetes, a least in the PimaIndian population, increases confidence in the
feaghility of eventudly identifying that gene. Other genes may have awesker but aggnificant rolein
susceptibility. In addition, the studies point out that different andytic strategies may provide different
associaions with complications in complex diseases. These findings help to establish a foundation for
future genetic andyses of kidney disease, particularly that caused by diabetes, in Caucasan and Pima
Indian populations. [secondary — prevention|

Fogarty DG, HannaLS, Wantman M, et al: Segregation analysis of urinary albumin excretion in families with type 2
diabetes. Diabetes, 49(6):1057-63. 2000.

Imperatore G, Knowler WC, Pettitt DJ, et al: Segregation analysis of diabetic nephropathy in Pimalndians. Diabetes,
49(6):1049-56. 2000.
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Cost-Effectiveness Studies of Kidney Dialysis and Transplantation

Background: When the kidneys fail and cease to remove waste products from the blood, patients
require rend replacement therapy, ether didyssor arend transplant, to stay dive. For most people
the preferred form of rena replacement therapy is akidney transplant, because generdly thisresultsin
less disahility than didysis and alonger life expectancy. Didyssis expensive, costing nearly $11 hillion
in1997. Currently, two thirds of dialyds patients receive their treatment in for-profit centers.

There are about 40,000 patientsin the U.S. waiting for akidney transplant. The economic cost

associated with the tissue matching of donor kidneys with recipientsis an unresolved issue. However,

good tissue matching improves both short-term and long-term graft survivd in loca dlocation programs.
It isunclear whether thisisthe case in nationd programs.

Advance: Scientists examined the effect of for-profit ownership of didyssfadilities on patient surviva
and the likelihood that patients would be referred for possible kidney trangplantation. Using data from
the NIH-supported United States Rena Data System, they found that patients treated at a for-profit, as
opposed to a not-for-profit, center had a 20% higher mortaity rate and a 26% lower rate of placement
on waliting ligs for a transplant.

Another team of scientists analyzed the economic costs of trangplanting well matched versus less well-
matched kidneys. They found that Medicare payments for the three years after transplantations were
about $60,000 for each individua in the well-matched group of patients, but nearly $81,000 for persons
in the lesswell-matched patients — a 35% differencein cogt. Their andysis of loca versus nationd
alocation programs indicated that well-matched transplants resulted in savings within loca, but not
nationa, programs owing to deterioration of organs transported nationaly.

Implications. The studies are important examples of how research can contribute to development of a
more cost effective and equitable hedth care syssem. The study of for-profit and not-for-profit didyss
centers provides important data about the differencesin patient care.  Thisinformation may be used to
develop quality assurance standards for the U.S. end-stage rend disease program. The study of the
economic impact of tissue matching in trangplantation suggests that cost benefits may be accrued from
good tissue matching within loca dlocation programs.

Garg PP, Frick KD, Diener-West M, Powe NR: Effect of the ownership of dialysisfacilities on patients' survival and
referral for transplantation. The New England Journal of Medicine, 341(22):1653-60. 1999.

Schnitzler MA, Hollenbeak CS, Cohen DS, et a: The economic implications of HLA matching in cadaveric renal
transplantation. The New England Journal of Medicine, 341(19):1440-6. 1999.
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Deciphering the Genetics of Type 2 Diabetes

Background: Type 2 diabetesis the predominant form of diabetesin the United States. It is
characterized by insufficient levels of insulin and by resstance to the action of insulin. More than one
genetic ateration is probably necessary for development of the disease. In addition, a different
combination of genetic factors may play arolein different populations. The genesinvolved in some
relaively rare subtypes of type 2 diabetes, such as Maturity Onset Diabetes of the Y oung (MODY),
have been identified, but seem to play ardatively minor role in the more common form of type 2
diabetes.

Advances. Severd groups of investigators are searching for genes that may confer susceptibility to type
2 diabetes. Genome-wide screens have led to the locdization of a susceptibility gene on chromosome 2
for type 2 diabetesin a Mexican American population. This candidate gene, desgnated NIDDM1,
interacts with a gene on chromosome 15 to increase diabetes susceptibility. Recent studies describe the
discovery of agenelocdized in the NIDDM 1 region that shows an association with type 2 digbetesin
Mexican Americans and in two Northern European populations. This proposed diabetes susceptibility
gene codes for aprotein caled capain 10 (CAPN10). Individualsin these populaionswith acertain
combination of genetic markers have approximately athreefold increased risk of type 2 diabetes. The
genetic variation in CAPN10 agppears to affect the risk of type 2 diabetes, suggesting that susceptibility
is not attributable to a Sngle variation, but rather to multiple variations whose collective effects are not
eadly predicted. The presence of CAPN10 in the insulin-producing pancrestic idet cells, muscle and
liver suggests that it could affect insulin secretion, insulin action and glucose production by the liver, each
of which isdtered in type 2 diabetes. Taken together, these results demonstrate new pathways that
may be involved in the regulation of blood glucose and the development of diabetes, and suggest that
other calpain genes may affect susceptibility to diabetes. One of these, CAPNS, islocated in the region
of chromosome 15 containing the susceptibility areathat interacts with NIDDM1 and will be atarget of
future investigations.

Recently, another locus (NIDDM?2) for type 2 diabetes was identified on chromosome 12 in an isolated
Finnish cohort. Similar studies have failed to confirm that this locus contributes to type 2 diabetesin
other populations. A study in the U.S. population found evidence for alink between diabetes and
chromosome 12q, but thislocusis closer to the centromere — the primary congriction point in the
chromosome — than NIDDM2. In addition, there is strong evidence for linkage in families with diabetes
characterized by a poor insulin response. Another study in American populations (GENNID) aso
found evidence for a diabetes susceptibility locus in the same region on chromosome 12.

Other investigators have described two mutations in the NEUROD1 gene, which are associated with
the development of type 2 diabetes. The protein encoded by this gene functions as a regulatory switch
for the development of the portion of the pancreas that secretesinsulin and glucagon. In mice carrying
two disrupted copies of the gene, pancrestic idet development is abnormal and overt diabetes devel ops,

375



FYOO NIH GPRA Research Program Outcomes

due in part to the insulin gene' s inadequiate expression — the process by which a gene’ s coded
information is activated. Investigators screened 94 patients with type 2 digbetes for mutationsin
NEUROD1 and identified 2 families with mutations in thisgene. The researchers hypothesized that the
development of type 2 diabetes in carriers of ether of these two mutations results from adisruption of
gene activity in the idets due to deficient binding of NEUROD1 or binding of an inactive NEURODL to
targetsin the pancredtic idet cdls.

Investigators in collaboration with French investigators have demondrated that mutationsin the insulin
promoter factor-1 (IPF-1 aso known as PDX1) gene may be related to the developmernt of type 2
diabetes. IPF-1iscriticd for embryonic development of the pancreas and for regulation of endocrine
pancreas-specific genesin adults. Some patients with mutations in |PF-1 develop MODY . Researchers
examined the IPF-1 gene for mutationsin 64 unrelated type 2 diabetes patients of French ancestry and
uncovered three novel IPF-1 mutations. Thisisthe first reported evidence that 1PF-1 may represent a
diabetes- predisposing gene in a portion of the common form of type 2 diabetes cases.

Implications: Discoveries of genes that may predispose to the development of type 2 diabetes have
opened up important new avenues of research into the underlying causes of diabetes, such as those
controlling sgnaing molecules and transcription factors, and their targets. Recent advancesin
determining the genetic makeup of an individud, gene mapping and completion of the human genome
will ad in our understanding of the genetic development of diabetes. Thisinformation, in turn, will leed
to improved diagnosis, treetment and prevention, thereby helping to stem or even reverse the increasing
incidence of this devastating disease.

Horikawa Y, OdaN, Cox NJ, et al: Genetic variation in the calpain 10 gene (CAPN10) is associated with type 2
diabetes mellitus. Nature Genetics, 26(2):163-75. 2000.

Malecki MT, JhalaUS, AntonellisA, et a: Mutationsin NEUROD are associated with the development of type 2
diabetes mellitus. Nature Genetics, 23(3):323-8. 2000.

Bektas A, Suprenant ME, Wogan LT, et a: Evidence of anovel type 2 diabeteslocus 50 cM centromeric to NIDDM2
on chromosome 12q. Diabetes, 48(11):2246-51. 1999.

Hani EH, Stoffers DA, Chevre JC, et a: Defective mutationsin the insulin promoter factor-1 (IPF-1) genein late-onset
type 2 diabetes mellitus. Journal of Clinical Investigation, 104(9):41-8. 1999.
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Mutationsin Nuclear Protein Linked to Lipodystrophy

Background: Lipodystrophy refersto agroup of conditions that result in defective metabolism of fat,
causing the reduction or absence of fatty (adipose) tissue. The lipodystrophies may be acquired or
inherited and both the anatomic location and degree of fat loss vary among the different disorders.
Petients with familid partid lipodystrophy (FPLD), Dunnigan variety, have normd adipose tissue
disgtribution during childhood. With the onset of puberty, these individuas lose subcutaneous fat from
the extremities, trunk and gluteal regions of the body, but excess fat becomes deposited in the face,
neck and back. These conditions pose a metabolic threet, as they are often accompanied by insulin
resstance, devated levels of blood lipids (agroup of fatty acids found in dl living things) and vascular
disease. In addition, affected patients usualy develop type 2 diabetes. Previoudy, researchers
localized the gene for FPLD to a certain region on chromosome 1. Other investigators have linked
mutations in the gene that directs the production of the protein lamin A/C, a component of the nuclear
envel ope — the double-layered membrane enclosing the nucdleus of acdl — with aform of muscular
dystrophy and, most recently, FPLD. The lamins themsdves have been implicated in many functions,
including the mediation of DNA replication, or the process whereby DNA iscopied. To further
evauae the role of thisgenein FPLD, researchers studied affected family membersin a cohort of 15
families

Advance: Researchers detected four independent mutations in this gene in members of 14 families. All
of the dterations resulting in FPLD occur within a particular region of the lamin A/C protein. Mice with
atargeted ddetion of this gene not only develop aform of muscular dystrophy, but adso lack
distinguishable white fat, which serves as a valuable source of energy. Collectively, these dataimply that
mutations within this region of the lamin A/C protein are involved in one or more activities required by
fat cdlsin specific tissue beds. It has been hypothesized that in FPLD, loss of fat cdlls affectsinsulin
sengtivity through reduced levels of * adipocyte-derived circulating factors’ such as leptin, ahormone
produced by fat cells that regulates food intake and energy metabolism. Researchers have generated a
mouse model that lacks white fat and isinsulin resstant and leptin deficient. This anima dso hastype 2
diabetes, a disease that involves atered fat cell Sze and depostion, and insulin resstance. Researchers
found that treating this mode with leptin did not correct the insulin resistance associated with type 2
diabetes. They concluded that leptin deficiency may contribute to the insulin resistance of generdized
lipodystrophy, but it is not the sole nor principal cause of insulin resstance in savere forms of this
disease.

Implications: These sudies confirm earlier findings that mutations in the gene that codes for the nuclear
envelope protein lamin A/C are inherited with FPLD. Thisisthe first gene known to be dtered in the
lipodystrophies, broadening the range of disorders for which components of the nuclear envelope may
be consdered as putative candidates. Further investigation of the lamins and the pathways in which they
act may aso provide clues into complex metabolic disorders such as type 2 diabetes by dissecting out
new pathways that regulate fat cell mass and insulin sengtivity.
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Speckman RA, Garg A, DuF, et a: Mutational and haplotype analyses of families with familial partial lipodystrophy (Dunnigan
variety) reveal recurrent missense mutations in the globular C-terminal domain of lamin A/C. American Journal of Human
Genetics, 66(4):1192-8. 2000.

Gavrilova O, Marcus-Samuels B, Leon LR, et al: Leptin and diabetesin lipoatrophic mice. Nature, 403(6772):850-1. 2000.
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Common Polymor phisms of the GIJB2 (Connexin 26) Gene and Her editary Deafness

Background: Mutationsin the GIB2 gene cause a significant proportion of recessive deafness in many
ethnic populations. GJB2 is thought to be important for communication between adjacent cdlsin the
inner ear. Many variants, or polymorphisms, of GIJB2 are common in the population and it is thought
that they can cause deafness. One of the more common polymorphisms, called M34T, is known to
sgnificantly decrease the intercdlular communication activity of GIB2, and M34T iswiddy thought to
cause deafness.

Advance: A study of afamily with hereditary deafness in which the M34T variant is not associated
with deafness suggests that M34T, as well as some other polymorphisms, may not be deafness-causing
variants of GIB2 even if they affect molecular function.

Implications: Thisfinding has important implications for understanding how GJB2 functionsin the inner
ear, aswell asfor counsding patients with GIB2 polymorphisms such as M34T.

Griffith AJ, Chowdhry AA, KurimaK, et a: Autosomal recessive nonsyndromic neurosensory deafness at DFNB1
not associated with the compound-heterozygous GJB2 (Connexin 26) genotype M34T/167del T. American Journal of
Human Genetics, 67(3):745-9. 2000.
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The Neurobiology of Depression and Suicide

Background: Mgor depression isa seriousillnessthat affects gpproximately 5% of the population and
cariesaggnificant risk of suicide. Both depression and suicide share severd features including dtered
function of the neurotransmitter serotonin, one of the brain’s chemical messengers; a diminished number
of serotonin transporter Stes, which are tiny pump-like components on certain neurons that play an
important role in regulaing the amount of serotonin in the synapse; and changesin both cerebrospina
fluid and platelets. Despite these amilarities suicide may be — at least in some cases — separable from a
specific psychiatric diagnosis. Thisleads to two questions: (1) Do serotonergic abnormadlities occur in
different brain regions in persons with mgor depresson and individuds at high risk for suicide? And (2)
What factor(s) are reponsible for the dterations in serotonergic function? A team of NIH-funded
investigators has spent dmost two decades addressing these issues. They now hypothesize that the
predisposition for impulsive aggression and suicide relates to brain dysfunction specific to one area of
the prefronta cortex, while depresson involves more widely dispersed brain circuitry.

Advance: Theseinvestigators recently examined serotonin trangporter molecules in the prefrontal

cortex in postmortem brains. In their analys's, they were looking for evidence of a polymorphism, or
vaiaion, of the gene — called the serotonin transporter gene promoter — that isinvolved in producing the
transporter molecule. They found that although the transporter is expressed, or produced, at lower than
normd levesin specific areas of the cortex of suicide victims, this does not corrdate with the presence
of the promoter polymorphism. In contrast, depressed patients demonstrated, post-mortem, wide-
gpread reduction of trangporter throughout the prefrontal cortex, and these changes correlate with the
occurrence of the promoter polymorphism.

Implications: Subtle differences in the expresson of molecules that mediate the function of a mgjor
neurotrangmitter in the brain are important clues to disease processes. These findings suggest that
suicide and mgjor depression may be separate brain disorders, each with adistinct mechanism. Clearly
there is overlap between the disorders because mgor depresson isa sgnificant risk factor for suicide.
However, the findings demondrate that fine-tuning the understanding of subtle molecular processesisan
effective srategy for refining diagnogtic specificity. Mot importantly, these molecular processes offer
novel targets for new treatments and possible preventive interventions.

Mann JJ, Huang Y, Underwood MD, et al: A serotonin transporter gene promoter polynorphism (5-HTLPR) and
prefrontal cortical binding in major depression and suicide. Archives of General Psychiatry, 57(8):729-38. 2000.
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Evidence for a Genomic Region Containing a Schizophrenia Susceptibility Gene

Background: Schizophreniais a persstent, debilitating menta disorder that afflicts about 1% of the
population. Prominent features of the illness include psychotic symptoms (delusions and halucinaions),
thought disturbances, and socid withdrawa. Family, twin, and adoption studies have consstently
demondrated that schizophrenia has high heritability. It asoisclear that the disorder does not follow a
smple mode of inheritance within families, which would suggest respongihility of asngle gene. Rather, it
is likely that multiple genes of samdll relative effect and environmentd factors likely interact in acomplex
way to produce susceptibility to the disorder.

Advance: Twenty-two Canadian families were recruited to participate in this study. Each extended
family contained an average of four persons with dlinica diagnoses of schizophrenia or schizoaffective
disorder, quite narrowly defined. Using DNA drawn from blood samples, 288 subjects were
genotyped using 381 genetic markers. Genotyping was done by the Center for Inherited Disease
Research, which was established as ajoint effort of eight NIH ingtitutes through a contract to Johns
Hopkins Univerdty. The analysisyidded evidence supporting alinkage of schizophreniato asmal
region on chromosome 1 (1g21-g22). A lod scoreisamathematica formulation that describes the
likelihood that an apparent genetic linkage istrue, and not Smply a chance result. In thisingtance, alod
score of 6.5 was obtained for linkage to this chromosomal region, which significantly exceeded minimum
lod score criteria set by the researchersin advance.

Implications: The identification of a susceptibility gene would represent amgor step in understanding
schizophrenia. Although this study does not implicate a specific gene that produces susceptibility, it
doesimplicate a demarcated region on chromosome 1. The magnitude of the statistical evidence and
clear locdlization to areatively smdl region should facilitate efforts to positionaly clone this suspect
gene, an opportunity that adds urgency to the essentid next step — confirming this finding in ancther
independent sample of families. Identification of this and other susceptibility genes, and continuing study
of complex gene-gene and gene-environment interactions are setting the stage for advancesin diagnosis,
trestment, and, ultimately, prevention of this disorder.

Brzustowicz LM, Hodgkinson KA, Chow EWC, Honer WG, Bassett AS: Location of amajor susceptibility locus for
familial schizophrenia on chromosome 1021-g22. Science, 288(5466):678-82. 2000.

381



FYOO NIH GPRA Research Program Outcomes

Utilization of Mitochondrial DNA Mutationsfor Cancer Detection Using Body Fluids

Background: Mitochondriaare cellular organelles which are our cell’ s power sources. There are
hundreds of mitochondriain each cdll, and they each have multiple copies of their own genome. The
magority of these copies areidentica. Mitochondriaare thought to be involved in tumorigenesis and to
play arolein apoptoss, or programmed cell death.

Advance: Researchers found that the mgority of tested bladder, lung, and head and neck tumors had
acquired mutations in their mitochondrial DNA. Severd of the tumors had multiple mutations suggesting
an accumulation of mitochondrid DNA damage. Mutations were readily found in most of the sdliva
samples obtained from head and neck cancer patients.

Implications: The study of mitochondrid DNA mutations should lead to powerful and very sengtive
molecular markers for use in the nonrinvasive detection of cancers using body fluids.

FlissMS, Usadel H, Caballero OL ,et al: Facile detection of mitochondrial DNA mutations in tumorsand bodily fluids.
Science, 287(5460):2017-9. 2000.
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Use of Structural Magnetic Resonance I maging
to Predict who will get Alzheimer’s Disease

Background: In this study, magnetic resonance imaging (MRI) measurements were used to determine
whether cognitively norma older persons and personsin the very early phase of Alzheimer’s disease
(AD) could be identified before they developed clinicaly diagnosed AD. Normd subjects and those
with mild memory difficulty received an MRI scan at basdine and were followed annudly for three years
to determine who subsequently met dlinicd criteriafor AD. Previous research had indicated that
measurements of hippocampa volume (abrain region involved in memory) could identify some cases of
AD before a patient met clinicd criteriafor dementia, but in this study the researchers were seeking to
improve accuracy by honing in on other select areas of the brain involved at an earlier Sage in the
disease process. Theinvestigators looked at differencesin volumein a number of aress, focusing on the
entorhind cortex and the banks of the superior tempora sulcus, both involved in memory, and the
anterior cingulate, which affects “ executive’ functions such as organizing, planning, and switching back
and forth among tasks and ideas.

Advance: The researchers found that they could identify people who would develop AD over time
based on measurements of these brain regions. The MRIs were 100 percent accurate in discriminating
between the participants who were norma and those who aready had mild AD. They were 93 percent
accurate in discriminating between participants who were norma and those who initidly had memory
impairments and ultimately developed AD; the entorhina cortex in the case of the people “converting”
to AD had about 37 percent less volume than the entorhina cortex of those who remained normd,
probably reflecting aloss of brain cells. Other comparisons showed ardatively high accuracy rate as
well, dthough it was more difficult to digtinguish the people who continued to have memory problems
but did not progressto AD from those who eventudly converted to AD.

Implications: This study offers evidence establishing the involvement of specific areas of the brainin
the underlying early pathology of AD. It aso suggeststhat, by zeroing in on these aress, it may be
possible to use dready available imaging techniques to better identify people a grestest risk and those
for whom early trestment could make a difference. However, the MRI technique will need to be further
refined and vaidated before it can be used in everyday practice by practicing physicians, and more
research in severa areas will need to be done, including follow-up of patients over alonger period of
time to more precisely gauge the predictive vaue of the MRIs.

Killiany RJ, GomezIslaT, Moss M, et al: Use of structural magnetic resonance imaging to predict who will get
Alzheimer’sdisease. Annals of Neurology, 47(4):430-9. 2000.
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Rapid Inexpensive Method for Detecting Tuber culosisin Patient Sputum Samples

Background: Each year there are an estimated eight million new cases of clinica tuberculos's, and
three million deaths due to the bacterium that causes the disease. Most cases occur in developing
countries with resource-poor settings and restrained abilities to use conventiona tests because of high
cogs and limiting equipment. Because of these limitations, drug susceptibility testing israrely performed
in developing countries despite the rgpidly risng rates of multiple-resistance strains.

Advance: A team of U.S. and Peruvian researchers supported by the Internationa Training and
Research Program for Emerging Infectious Diseases developed arapid and reliable method for
detecting tuberculosis to be used by hedth officersin developing countries. Thetes, caled
“microscopic observation broth-drug susceptibility assay,” can detect tiny amounts of the tuberculoss
bacteria (mycobacterium tuberculoss) in patient sputum samples within 9 days compared with 3-4
week results by traditiond culture methods. Tuberculogs bacterid growth in inexpendve liquid mediais
observed as characteridtic strings and tangles with asmple light microscope. This method can aso be
used to determine whether aparticular strain of M. tuberculosisis resstant to any drug without the use
of radioactive isotopes or fluorescent indicators

Implications: Use of this rgpid, inexpensve and senstive method should improve the capability to
detect and properly treat tuberculosisin developing country hedth fadilities

CaviedesL, Lee T, Gilman R,et a: Rapid, efficient detection and drug susceptibility testing of mycobacterium
tuberculosisin sputum by microscopic observation of broth cultures. The tuberculosisworking group in peru.
Journal of Clinical Microbiology, 38(3):1203-8. 2000.
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University of Hawaii I dentifies First Gene M utationsin a Blood Vessel Disease

Background: While rdatively rare, occurring in about 1 in 25,000 live births, pseudoxanthoma
elasticum (PXE) can have devadtating consequences. In PXE, dadtin fibersin the matrix or space
between cells of the skin, reting, and arteries become cdcified and lose their resilience. The disease
usualy begins as arash of yelow papules on the skin, and can eventualy cause the skin to sag and
wrinkle, giving the appearance of premature aging. Rupture of a membrane a the back of the retina can
lead to blindness, and premature arterioscleross can necessitate heart bypass surgery in patients still in
their twenties. Gadtrointestina bleeding from ruptured blood vessdls is a frequent cause of PXE-related
death.

Advance: An internationa research team headed by the University of Hawaii's Laboratory of Matrix
Pethobiology has identified the first mutations responsible for this genetic disease. Discovery of the PXE
mutation builds on work by a Harvard team that narrowed the search for the gene to a specific region of
Chromosome 16. By comparing genomic DNA from 17 unrelated PXE patients, the Hawaii
investigators were able to distinguish the disease- causing gene from among the hundreds of thousands of
base pairsin the implicated section of DNA. Comparison of the gené's building-block base pairs turned
up saverd mutations in PXE-affected individuas that were not present in DNA samples from a control
group. The PXE gene codes for production of atransport protein that shuttles proteins across cell
membranes. The gene has been associated with drug resi stance that occurs when drug compounds are
not carried across the cell membraneinto the cell.

Implications: Discovery of the genes responsible for PXE makes it possible to screen for the disorder
and implement dietary interventions to lessen the impact of the disease. Studies of this gene and its
protein product may aso lead to better understanding of how drugs and other compounds can gain
accessto cdls.

Le Saux O, Urban Z, Tschuch C, et al: Mutationsin agene encoding an ABC transporter cause pseudoxanthoma
elasticum. Nature Genetics, 25(2):223-7. 2000.
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New Role of Progesteronein Pregnancy Maintenance

Background: For along time, scientists have known that progesterone is essentia for maintaining
pregnancy; however, little is known about how the hormone works to achieve thisgod. In addition, it
remainsabiologicd mysery why an embryo, which is hdf-foreign to the mother’ simmune system, is not
rglected in the uterus during pregnancy. While some explanations have been proposed and tested, no
single mechanism has proven to be arequired element in this process. This research givesanove clue
and sheds new light on these long-standing issues.

Advance: Inarecent study, researchers found that progesterone receptors are present in the stromal,
or supporting, tissue of the thymus, a gland which produces immune cdls caled T lymphocytes (T-
cdls). When animals become pregnant, progesterone is secreted in alarge quantity and binds to these
receptors. The binding of progesterone to the receptors reduces the number of T-cells on the outer
layer of thethymus. Thisisimportant because the T-cells recognize the foreign antigens of an embryo
or fetus that are produced and enter the mother’ s system when she becomes pregnant. By increasing
progesterone secretion during pregnancy, the T-cells that may be toxic to the embryo are removed.
The investigators aso demondtrated the importance of progesterone receptors by transplanting the
thymus tissue from a mouse that lacked these receptors, into anorma mouse. In the experimental
mouse, the trangplanted thymus tissue did not reduce the amount of toxic T-cells because the stroma
had no progesterone receptors. Many of the embryos in the mouse were resorbed as pregnancy
progressed.

Implications: These observations demonstrate a “ progesterone receptor- dependent mechanism” that
blocks the very early development of T-cdls during pregnancy, and is essentid for normd fertility. The
new findings provide researchers with a promising new avenue to improve the diagnoss and trestment
of frequent miscarriages.

Tibbetts TA, DeMayo F, Rich S, et al: Progesterone receptors in the thymus are required for thymic involution
during pregnancy and for normal fertility. Proceedings of the National Academy of Sciences, 96(21),12021-6. 1999.
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Variation in theHOXA1 Gene Linked to Autism

Background: Autism spectrum disorders (ASDs) are severely incgpacitating, life-long developmenta
disabilities associated with severe problems in communication, in socid interaction, and in repetitive
actionsand interests. Autism is one of the most common developmental disorders and occurs in more
than one out of every 1000 births. Thereis strong evidence that ASD has agenetic basis. Scientists
have found that mice without two genes, Hoxal and Hoxb1, which are critica for early brain
development, exhibit characteristics Smilar to autism. In addition, other research findings support the
possible role of these genesin ASD susceptibility; however, the mechanism by which this occursis ill
not understood.

Advance: Scientists found aregion on the human HOXAL gene that is associated with ASD. Scientists
andyzed the DNA of autigtic patients and found that there were coding variations in the HOXAL and
HOXBL1 genes. Then scientists andyzed the DNA of ASD and non-ASD families and found thet the
ASD families were more likely to carry and pass on the dightly atered codesin the HOXAL region.

Implications. These results show that certain codes in the HOXAL gene may play arolein making
some families and individuals more susceptible to ASD than others. 1n addition, the results support the
theory that autism has a strong genetic basis and is related to adisruption in early brain development.
With this new knowledge, scientists can focus specificaly on the coding variation in the HOXAL gene
and learn more about itsrolein ASD. Furthermore, the findings may enable scientists to eventualy
develop a method to diagnose ASD much earlier or to prevent its occurrence.

Ingram JL, Stodgell CJ, Hyman SL, et a: Discovery of allelic variants of HOXA1 and HOXB1: genetic susceptibility
to autism spectrum disorders. Teratology, 62(6):393-405. 2000.
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Genetic Studies of a Chronic Condition

Background: The lymphatic system isacomplex system of vessds that run parald to the circulatory
system collecting lymph from the body’ s tissues and returning it to the bloodstream. Lymph isapde,
ydlow fluid containing plasma and white blood cells. In contrast to the circulatory system, which utilizes
the heart to pump blood throughout the body, the lymphatic system pumps lymph fluid using the naturd
contractions of the lymphatic vessels, as well as mechanisms such as muscle contraction and respiratory
movement.

Lymphoedema s a chronic, disabling condition of the lymphatic system that resultsin the swelling of the
extremities. Patientswith this disorder suffer from recurring loca infections, physical impairment, and
socid stigmatization, and may be at increased risk of developing certain cancers, such as
lymphangiosarcoma. Lymphoedemeas are generdly classified as primary and secondary: primary
lymphoedemas occur spontaneoudy and generdly without a preceding disease, whereas secondary
lymphoedemas are preceded by stoppage or dowing of lymph movement due to filariags (infestation
with roundworms), surgical or other trauma, maignant disease or high dose radiation. Scientists believe
that lymphatic development and function is regulated by avariety of unidentified genes, which, when
mutated, may result in lymphoedema.

Advance: Recently, researchers found a genetic linkage for primary inherited lymphoedema to vascular
endothelial growth factor receptor 3 (VEGFR-3), achemica binding site on chromosome 5q which is
important for activating norma lymphatic vessel formation and function. Now, scientists have dso found
mutations in the region of VEGFR-3 that is responsgible for making the enzyme, tyrosine kinase. This
enzyme plays akey role in sgnaing the growth of new lymphatic vessds. These reaultsindicate thet, in
some cases, lymphoedema results from a mutation interfering with this critical sgnaing pathway.

Implications: Researchers have been investigating the genetic basis for primary inherited lymphoedema
for several years. Despite agenerd understanding of the disease process that leads to lymphoedema,
essentialy nothing had been known about the genetic basis of primary lymphoedema prior to this work.
Ultimatdy, these sudies will shed light on the developmentd biology of the lymphatic system.
Furthermore, the recent findings may permit better-informed genetic counsding in affected families,
earlier diagnoss and treatment, and the development of more targeted and effective therapies for
lymphoedema These findings aso suggest that the variability in how secondary lymphoedema develops
following mastectomy for breast cancer, other surgica procedures, or traumeatic injury may result from
underlying genetic varidion in the VEGFR-3 locus. This genetic variation may sgnificantly affect both
the severity and timing of the onset of lymphoedema following surgery or injury. [secondary —
treatment]

Karkkainen MJ, Ferrell RE, Lawrence EC, et a: Missense mutationsinterfere with VEGFR-3 signalling in primary
lymphoedema. Nature Genetics, 25(2): 153-9. 2000.
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Familial Primary Pulmonary Hypertension Gene I dentified

Background: Familid primary pulmonary hypertenson (FPPH) isarare but devastating lung disorder
characterized by increased pressurein the pulmonary artery. It is associated with structurd changesin
the blood vessdls of the lung that impede blood flow. Thisleadsto an enlarged, overworked heart that
is unable to pump enough blood through the lungs and can cause heart failure and degth. The disease
affects twice as many women as men. Although it can occur a any age, including childhood, affected
women are usudly of child-bearing age.

Advance: Two separate groups of scientists identified defectsin a gene associated with FPPH. Both
groups identified severd mutations in the bone morphogenetic protein receptor 2 gene (BMPR2) in
patients with FPPH. The BMPR2 receptor is found on the surface of cellsthat are responsible for
contralling cdll growth and are important in lung development.  Although these mutated forms of
BMPR2 have not been detected in some people with FPPH, hedlthy individuas have no mutationsin
the BMPR2 gene. Thesefindingsindicate that mutations in the BMPR2 gene, while definitely aleading
cause of FPPH, are not the sole factors influencing development of the disease.

Implications: The characterizations of the mutations of the BMPR2 gene that lead to FPPH will
provide ingght into the underlying molecular mechanisms. Additionaly, associaion of this gene with
FPPH has implications for sporadic primary pulmonary hypertenson, a non-inherited type of pulmonary
hypertenson that is dinicaly and pathologicaly identical to FPPH. Defining the function of the BMPR2
gene should lead to understanding of how the mutations cause pulmonary hypertenson and islikely to
provide important information for new gpproaches to patient diagnos's, genetic counsdling, clinica
screening, and evauating future therapeutics.

Deng Z, Morse JH, Slager SL, et a: Familia primary pulmonary hypertension (Gene PPH1) is caused by mutationsin
the bone morphogenetic protein receptor-11 gene. American Journal of Human Genetics, 67(3):737-44. 2000.
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I dentification of One of the Genes Whose M utations Cause Usher Syndrome

Background: Usher syndrometype 1 is an inherited sensory defect involving profound deafness and
vestibular dysfunction, as wdl as blindness due to progressive retinitis pigmentosa. Usher syndrome is
the most common genetic cause of blindness and deafness in Americans.

Advance: Scientists supported by the NIH in collaboration with scientists in France have identified the
gene whose mutations cause one type of Usher syndrome (Usher syndrome type 1C) whichiis
particularly prevaent among Acadians (descendants of French settlers or Cgjuns) in Louisana. The
gene encodes a protein caled harmonin (from the Greek word harmonia, meaning, “assembling”) thet is
expressed in sensory cellsin the inner ear-the cells responsible for trandating sound waves and
movement into neural impulses. 1dentification and study of the mouse verson of harmonin revealed that
the protein is digtributed in the semi-circular cand's and cochlea of the inner ear.

Implications: Thesefindings will alow for DNA-based diagnosis of Usher syndrome before the deaf
individua beginsto losethar Sght. Such early diagnogswill permit study of the complete progression
of retind degeneration and provide time for possible treatment before the degeneration begins. Also,
the isolated harmonin protein can now be used to identify the other proteins with which it associatesin
theinner ear. Such information could greetly clarify the molecular components that make up the ear’s
remarkably sendtive gpparatus and may clarify the bases for the sensory defects in Usher syndrome and
other auditory disorders.

Verpy E Leibovici M, Zwaenepoel |, et al: A defect in harmonin, aPDZ domain-containing protein expressed in the
inner ear sensory cells, underlies Usher syndrometype 1C. Nature Genetics, 26(1):51-4. 2000.
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Genefor Cleft Lip and Palate/Ectoder mal Dysplasia Syndromeis | dentified

Background: Cleft lip/paate is one the most common birth defects and yet the underlying causes of
this birth defect are largely unknown. Some of these defects are the result of mutations of Single genes
involved in facid development.

Advance: Oneform of cleft lip pdaeisan autosomd (“non-sex” chromosome) recessive syndrome
(CLPEDL), thet is, acondition in which an abnorma gene on one of the chromaosomes from each parent
isrequired to cause the disease. The syndrome aso involves ectoderma dysplasia ( a congenital defect
of the ectodermd tissues, including the skin and teeth, and related structures), developmentd defects of
the hands, and, in some cases, includes mentd retardation A gene (PVRL 1) has been identified which
is respongble for this syndrome. It encodes a protein which isimportant in cell-cdll adhesion. PVRL1
mutations lead to truncated proteins that prevent norma devel opment.

Implications: Theidentification of this gene advances our understanding of the processesinvolvedin
orofacid development and of the mechanisms underlying cleft lip/pdate. Future Sudies of the role of
this protein, and its interactions with other genes associated with cleft lip/paate will dso help usto better
understand cell adhesion.

Suzuki K, Hu D, Bustos T, et al: Mutations of PVRL1, encoding a cell-cell adhesion molecule/herpesvirus receptor, in
cleft lip/palate-ectodermal dysplasia. Nature Genetics, 25(4):427-30. 2000.

392



FYOO NIH GPRA Research Program Outcomes

Genefor Autosomal Hypohidrotic Ectodermal Dysplasiais I dentified

Background: The skin and associated structures (including hair, nails, sweet glands, and teeth) are
derived from the outer layers of cdlsin the embryo, the embryonic ectoderm. Hypohidrotic ectodermal
dysplasais adisorder in the formation of teeth, hair, and sweat glands. It occurs as both sex-linked
and non-sex linked genetic disorders.

Advance: In 1996, the gene ED1 was identified for the mgor X-linked forms of the disease. This
year, the gene (DL ) for the autosoma forms was mapped to chromosome 2. DL was found to contain
mutation in individuas with the disorder. The discovery was accderated by the previous identification
of an analogous mouse gene responsible for asimilar disorder. The DL protein may act as the receptor,
aprotein molecule on the cell surface that binds to a specific factor, for the sgnaling protein ED1.

Implication: A third, asyet unidentified gene, isbeing sought since it may play arolein ectodermd
dysplasiafor those individuals who do not contain a mutation in the DL or ED1 genes. Discovery of the
DL genewill ad in the underganding, diagnosis and future development of thergpies for this disorder.

Monreal A, Ferguson B, Headon D, et al: Mutations of the human homologue of mouse dl cause autosomal
recessive and dominant hypohidrotic ectodermal dysplasia. Nature Genetics, 22(4):366-9. 1999.
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Changesin a Viral Surface Protein Predict Outcome of Hepatitis C Infection

Background: A mgor cause of chronic liver inflammeation, cirrhogs, and liver cancer, hepdtitis C virus
(HCV) infection is a severe public hedlth problem worldwide. Nearly 4 million Americans have been
infected with HCV, and 8,000 to 10,000 deaths in the U.S. each year are attributable to the infection.
This primarily blood borne infection is responsible for haf of dl liver transplants. The course of disease
in HCV-infected patientsis highly variable. In about 15 percent of al cases, the infection resolves after
aghort time. In amost three-quarters of the patients who develop chronic infections, the disease
remains mild and relatively stable for decades. For the remainder, however, HCV disease progresses
rapidly. A smal fraction develop fulminant hepatitis, the most severe form of disease in which large
portions of the liver become necrotic (die off). Fulminant hepetitis frequently resultsin organ failure,
Chronic HCV infection cannot be eradicated through currently available therapies, nor can the severity
of itsclinical course be predicted. Prior to the advance described bel ow, evidence had accumulated
that closdly rdlated vird variants, defined as quasipecies, might dlow HCV to circumvent the immune
system. However, there were no data associating the evolution of quas species with long-term disease
outcomes.

Advance: By assessng the DNA sequences of two HCV genesin agroup of HCV patients with
different clinical manifestations of the disease, and by comparing those sequences, researchers
established a correlation between the rate of genetic mutation in HCV and clinicd outcome. That is,
they were able to show that the extent of mutation of the virus predicts whether HCV will resolve or
become chronic. Viruses generdly evolve, dbet a varying rates, in response to continuous immune-
system attack. The genes thet serve as templates for formation of the proteins on the externd surface of
avirus particle, caled envelope proteins, are among the viral genes that mutate the fastest. Using blood
serum samples from patients with acute HCV, researchers assessed the number and diversity of
mutationsin two HCV envelope genes (HCV E1 and E2). When the investigators compared the gene
sequences of patients who subsequently cleared the virus with the sequences of those who developed
chronic HCV, they found that the HCV in patients who cleared the virus was characterized by
evolutionary stasis (lack of mutation). In contrast, the HCV in patients who developed chronic HCV
was characterized by genetic evolution. From these results, the investigators conclude that a higher rate
of mutation in the HCV enve ope genes facilitates evasion of the immune system, leading to chronic
disease. Theinvestigators dso learned that dmost dl of the sequence changes occurred within an area
known as hypervariable region 1 (HVRL) of the E2 gene.

Implications: Thisdiscovery will enable physiciansto predict more accurately the clinical course of

patients infected with HCV. Moreover, by clarifying the exact protein structure of the dtered HVR1
region in the chronic form of the virus, this advance may help further development both of therapeutic
vaccines to halt disease progression and prophylactic vaccines that can protect against HV C disease.
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Farci P, Shimoda A, Coiana A, et al: The outcome of acute hepatitis C predicted by the evolution of the viral quasispecies.
Science, 288(5464):339-44. 2000.
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ScIENCE CAPSULES

Beta-Endorphin Could Mark Genetic Risk for Alcoholism. Alcoholism is known to have astrong
genetic component, but only some members of the same family will get the disease. Knowing which
children are genetically predisposed would be of enormous value, since parents and practitioners could
attenuate the risk with counsdling and early intervention strategies. Scientists are searching for a
collection of biomarkers that, together, will Sgna an increased risk of dcoholism in specific individuds.
They recently added to evidence that the hormone beta-endorphin is agood candidate. The scientists
found that the spike in beta-endorphin levels that occurs in some people in response to a cohol
consumption isitsdf a heritable trait, a step toward meeting their criteriafor biomarker status.

Froehlich JC, Zink RW, Li T-K, Christian JC: Analysis of heritability of hormonal responsesto alcohol in twins: beta-
endorphin as apotentia biomarker of genetic risk for alcoholism. Alcoholism: Clinical and Experimental Research,
24(3):265-77. 2000.

Highly Active Antiretroviral Therapy Rever ses Brain Metabolite Abnormalities of
HIV/AIDS. Inlater stages of AIDS, 20% to 40% of patients develop cognitive abnormdlities that are
referred to as the HIV-cognitive motor complex (HIV-CMC). Patients with HIV-CMC show brain
metabolite abnormdlities, such as the increased concentrations of myoinositol (MI), a substance that
indicates the dendity of glid cdls. The dengity of glid cells, which support neurons, increases as neurons
die. The researchers, hoping to reverse the effects of HIV-CMC and find away to measure CMC-
related brain injury, treated a group of patients with mild HIV-CM C with highly active antiretrovird
therapy. They foundin ng the metabalites in the brain through proton magnetic resonance
spectroscopy (*H MRS), abrain imaging technique, that there was a normalization of brain metabolites.
The levels of M1 were reduced by about 12% and there was an increasein T-cdl counts. The results
indicate that using highly active antiretrovird thergpy can reverse brain metabolite abnormdities and
raise T-cdll counts. Findly, *H MRS can be used to gauge HIV-CMC related brain injury by
measuring changes in brain metabolites.

ChangL, Ernst T, Leonido-Yee M, et a: Highly active anti-retroviral therapy reverses brain metabolite abnormalities
inmild HIV dementia. Neurology, 53(4):782-9. 1999.

NIH ResearchersImprove Techniquesfor Interviewing Child Abuse Victims. A research team
has developed new techniques to help police interviewers and child protective service workers obtain
more accurate information from victims of child abuse. The new techniques, the firgt of their kind to
trandate research findings on child development into concrete procedures and guidelines, rely on asking
abused children to recall what hgppened to them, rather than relying upon cues from the interviewer that
may prompt inaccurate answers. This new method will endble interviewers to obtain higher qudity
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information from children as young as four, which makes it much easer to determine what hagppened to
the children, as well as how to intervene.

Orbach Y, Hershkowitz |, Lamb ME, et a: Assessing the value of structured protocols for forensic interviews of
alleged child abuse victims. Child Abuse and Neglect, 24(6):733-52. 2000.

Type 2 Diabetesin Children, Adolescents and Y oung Adults. Type 2 diabetes has traditionaly
been considered a disease of adults because the age of onset is frequently after age 40 and it is often
associated with obesity.  Children with digbetes are usudly presumed to have type 1 diabetes, an
autoimmune disease. In recent years, however, an increasing number of children who gppear with
elevated blood glucose leves actudly have type 2 diabetes. In children, the darming risein the
incidence of type 2 diabetes appears to be occurring largely in minority populations — Hispanic
Americans, African Americans, ad Native Americans — and obesity has been shown to be an
important risk factor. The mean age at diagnosisis around 13 years, and there appears to be a higher
incidencein femaes. The emergence of type 2 didbetesin this population poses anew dinica problem
for the pediatric endocrinologist because not much is known about the therapeutic management of this
disorder in childhood. Thusfar, children have been treated with anumber of different approaches,
including diet, ord agentsto control blood glucose levels, and insulin. Y et, no scientific dataexigts to
back up these strategies. Research efforts need to be directed towards a better understanding of this
disease in childhood, the development of reliable methods for early diagnos's, the development and
testing of thergpeutic agents for safety and efficacy, and the development of education programsto
increase physician awvareness. Patient and parent education must also become an integra part of the
treatment plan. [secondary — prevention]

Dabelea D, Pettitt DJ, Jones KL, Arslanian SA: Type 2 diabetes mellitus in minority children and adolescents. An
emerging problem. Endocrinology and Metabolism Clinics of North America, 28(4):709-29. 1999.

Deter minants of Recovery from Acute Hepatitis C. Hepatitis C isacommon form of vird
hepdtitis that frequently evolvesinto a chronic infection that can lead to cirrhosis, end-stage liver disease
and liver cancer. Thefactors of the immune response during acute hepatitis C virus (HCV) infection
that lead to recovery as opposed to chronic infection have not been defined. Researchers examined
serum samples from patients infected with the same strain of HCV during an outbresk that occurred in
the late 1970s. Long-term follow up, as well as samples of serumand T cdlls (cdls used by the body in
itsfight againg infection), were available on alarge number of patients 10 to 20 years after onset of the
disease. The investigators found that persons who had developed a chronic infection had high levels of
antibodies againgt HCV (B cdl, humora immunity) but had poor HCV-specific T cdl responses
(cdlular immunity). In contrast, patients who had acute hepatitis C in the 1970s, but then recovered,
continued to have strong T cell responses to HCV 20 years later, but had low levels of antibody.
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Indeed, 42% of recovered patients had no detectable antibody to HCV 20 years after recovery (al had
tested antibody positive a 10 years). Thisstudy indicatesthat T cdll responsesto HCV are long-lived
and are perhaps a better biomarker for identifying patients with prior HCV infection and recovery.
Furthermore, T cell responses gppear to be responsible for clearance of virus and recovery from
infection. Thus, vaccines againgt HCV may need to induce vigorous and long-lived T cell rather than B
cdl immunity. These ingghtsinto immune response will contribute sgnificantly to the design of
trestments and vaccines for HCV.

Takaki A, Wiese M, Maertens G, et al: Cellular immune responses persist and humoral responses decrease two
decades after recovery from a single-source outbreak of hepatitis C. Nature Medicine, 6(5):578-82. 2000.

Epidemiology and M ode of Spread of H. pylori Infection. Helicobacter pylori isone of the more
common infections of man. Worldwide, more than 50% of humans are chronicaly infected with H.
pylori. A proportion of infected persons will develop peptic ulcer disease and others develop a severe
form of gadtritis (atrophic) and/or gastric cancer.  The frequency of H. pylori infection anong
Americans and the mode of spread of this disease have not been defined. Researchers have anadlyzed a
large, population based group (NHANES 3) of serum samples from personsin the United States for
antibody to H. pylori and correlated results with demographic factors including sex, age, race and
socioeconomic status. The prevaence of H. pylori infection increased with age and was far higher in
Mexican Americans (58%) and non-Hispanic blacks (51%) than in non-Hispanic whites (27%). The
digoaitiesin frequency of H. pylori infection appeared to be related to socioeconomic class and
country of origin. The mode of spread of H. pylori could not be proven by this cross-sectiona study,
but the results suggested that poor hygiene and living in crowded living conditions during childhood were
associated with a greater likelihood of infection. Researchersinvestigated the possible mode of spread
of H. pylori. They admitted H. pylori-infected volunteers to aresearch unit and attempted to culture
the organism from ord secretions, ar during vomiting, and stool before and again after inducing vomiting
or diarrhea. While H. pylori was not cultured from these patients norma sdivaor sool samples, it
could be cultured from vomitus and from diarrheal stool. Indeed, air-borne distribution of vigble H.
pylori could be demonstrated after episodes of vomiting. This study demondirates that gastrointestingl
infections that cause diarrhea and vomiting may facilitate pread of H. pylori in families and thus account
for the geographica and socioeconomic-based differences in frequency of thisinfection. These findings
provide a bass for development of recommendations to prevent spread of H. pylori in high risk groups.

Everhart JE, Kruszon-Moran D, Perez-Perez Gl, Tralka TS, McQuillan G: Seroprevalence and ethnic differencesin
helicobacter pylori infection among adultsin the united states. Journal of Infectious Disease, 181(4):1359-6. 2000.

Parsonnet J, Shmuely H, Haggerty T. Fecal and oral shedding of Helicobacter pylori from healthy infected adults.
The Journal of the American Medical Association, 282(23):2240-5. 1999.
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Virus Can Cause Kidney Inflammation. Kidney inflammation most often occurs from known
causes, but can aso arise from unknown causes. A recent clinica report identified Epstein-Barr virus
(EBV) in the kidneys, but not in other tissues, of patients with chronic kidney inflammation not
attributable to known causes. The virus was localized to a specific part of the kidney’ s functiona unit
(the nephron) called the proximad tubule; thisisthe firgt report of EBV in the proximad tubule. The
report suggests that EBV infection may induce a marked immune response and associated inflammeation
that result in Structural damage to the kidney. While EBV infection rardy significantly affects kidney
function, the present study suggests that examination of a kidney biopsy for EBV would be an
important diagnostic measure that may be used when other causes of kidney disease, asreflected in
some loss of kidney function, have been ruled ouit.

Becker JL, Miller F, Nuovo GJ, et a: Epstein-Barr virusinfection of rena proximal tubule cells: possible rolein chronic
interstitial nephritis. Journal of Clinical Investigation, 104(12):1673-81. 1999.

Cause of Kidney Stones M apped to Chromosome 1. Abnormadly high absorption of cdcium in the
intesting, called absorptive hypercaciuria (AH), is acommon cause of kidney stones. Studies of
familieswith a higtory of kidney stonesindicate that an inherited genetic defect is one likely cause of AH.

Researchers now have identified a specific region on chromosome 1 thet is associated with a severe
form of AH. Scentists are pursuing identification of the gene and its mutations, which —when known —
may permit early diagnosis of AH and possible prevention of kidney stones.

Reed BY, Heller HJ, Gitomer WL, Pak CY: Mapping a gene defect in absorptive hypercal ciuriato chromosome 1g23.3-
g24. Jornal of Clinical Endocrinology and Metabolism 84(11):3907-13. 1999.

Control of Blood Glucose and Blood Pressure L evels Reduces Diabetes-Related
Complications. The United Kingdom Prospective Diabetes Study, a randomized, controlled clinical
tria demonstrated that — compared to conventional management of blood sugar and blood pressure — a
policy of intensive control of blood sugar and blood pressure levels substantialy reduced the risk of
diabetes-rdated complications in patients with type 2 diabetes. Further andysis of data from thistrid
now reveds highly sgnificant associations between the development of diabetes-related complications
and levels of both systalic blood pressure and blood sugar, as measured by hemoglobin Ay (HbA L)
concentration. These associations were found throughout the entire range of blood pressure and blood
sugar vaues typically seen in patients with type 2 diabetes and after correcting for other known risk
factors such as age, X, ethnicity, smoking, and lipid levels. The study also demonstrated that
increased blood glucose levels were associated with a greeter increase in risk for microvascular
complications, such as eye and kidney disease, than that for macrovascular diseases such as heart
attack. There was no threshold level of blood sugar or blood pressure below which risk was not
increased. These data suggest, therefore, that there is no specific HbA,. or blood pressure target vaue
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for which an individua should aim; rather the closer to “normd,” the lower the chance of developing
complications. Although not as definitive asadinicd trid anayds, this new observationd data suggests
that even small improvementsin blood sugar and blood pressure control may prevent deaths and other
complications due to diabetes.

Adler Al, Stratton IM, Neil HAW, et al: Association of systolic blood pressure with macrovascular and
microvascular complications of type 2 diabetes (UKPDS 36): prospective observational study. The British Medical
Journal, 321(7258):412-9. 2000.

Stratton IM, Adler Al, Neil HAW, et a: Association of glycaemiawith macrovascular and microvascular
complications of type 2 diabetes (UKPDS 35). The British Medical Journal, 321(7258):405-11. 2000.

Rapid Screening for Cystic Fibrosis Mutationsin Nonhuman Primates. Cydtic fibrosis (CF),
one of the most common letha hereditary diseases of Caucasians, may be caused by more than 700
mutations in a particular gene. To evauate the frequency of naturaly occurring mutations, which may be
slent disease carriers, scientists have developed a rapid screening technique. Screening more than

1,000 nonhuman primates at the Regional Primate Research Centers revealed alarge number of such
gene mutations. The rapid screening technique will eventualy enable researchers to monitor gene
thergpy for CF, and the nonhuman primate should provide an excdlent mode for studying such
diseases.

Glavac D, Ravnik-Glavac M, Potocnik U, et al: Screening methods for cystic fibrosis transmembrane conductance
regulator (CFTR) gene mutations in non-human primates. European Journal of Physiology, 439(3 Supplement): R12-3.
2000.

Early Warning of Heart Trouble. Clinica researchers have discovered that damaged heart tissues
step up production of amolecule known as hypoxia-inducible factor 1 (HIF-1) within the first 24 hours
of aheart attack or the first 48 hours of acute oxygen starvation (myocardiad ischemia). HIF-1, in turn,
triggers production a growth factor that stimulates creation of new blood vessels, in an attempt to
restore blood flow to the heart. The scientists propose that HIF-1 could serve as an early molecular
indicator of progressve oxygen deprivation. And because HIF-1 helps to remedy reduced blood
supply, it may aso provide cluesto treating the damage caused by blocked coronary arteries or
conditions that diminish blood flow to the heart.

Lee SH, Wolf PL, Escudero R, et al: Early expression of angiogenesis factors in acute myocardial ischemiaand
infarction. The New England Journal of Medicine 342(9):626-33. 2000.

Shining a Light Through the Brain. Udng athin, flexible headband that contains optica fibers,
scientigs at the Stanford University Generd Clinica Research Center safely and noninvasively imaged
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changes in brain oxygen levelsin adults and criticdly ill newborns. The headband fibers both emit and
detect low-intengty light that travels through brain tissues. Because red and near-infrared light are
absorbed by blood, and because changes in blood oxygen levels dter the amount of absorption, the
headband technology is able to pinpoint brain regions with fluctuating oxygen levels. Coupled with redl-
time computer analys's, the imaging technique holds promise as a bedside device for generating
continuous, noninvasive brain images that enable diagnos's or monitoring of disease.

Benaron DA, Hintz SR, Villringer A, et a: Noninvasive functional imaging of human brain using light. Journal of
Cerebral Blood Flow and Metabolism 20(3):469-77. 2000.

HPV DNA Testingin Cervical Cancer Screening. Previous studies have shown that certain types
of humean papillomavirus (HPV) cause most cervica cancers, raising the possibility that testing for these
HPV types may be away of screening for the disease. In astudy conducted among a high-risk
population in Costa Rica, where cervica cancer rates are high, researchers found HPV DNA testing to
be a useful screening tool. Compared with conventiona Pap testing, in which cervicd celsare
examined with a microscope, the HPV test was more sensitive (i.e., identified more abnormalities) but
less specific (i.e., not as useful in determining the nature or seriousness of the aébnormadlity). These
resultsindicate that HPV testing could be a useful screening tool in cervical cancer prevention programs,
particularly in settings in which sengtive detection of high-grade lesions and cancer is paramount.

Schiffman M, Herrero R, Hildesheim A, et al: HPV DNA testing in cervical cancer screening: results from womenina
high-risk province of costarica. The Journal of the American Medical Association, 283(1):87-93. 2000.

Early Detection of Alzheimer’s Disease. Treatmentsto dow the loss of nerve cdlsin progressive
neurodegenerative diseases like Alzheimer's and Parkinson's will probably be more feasible than
repairing the brain after damage isdone. Severd such trestment Strategies are now emerging.
However, very significant brain damage has dready occurred before these disorders are detected
cinicaly. Now, scientists using functiond magnetic resonance imaging, atype of brain imaging that
highlights brain activity rather than anatomical structure, have shown that patterns of brain activity during
tasks requiring memory differ depending on genetic risk for Alzhemer's disease. These findings may be
useful as an early indicator of memory decline.

Bookheimer SY, Strojwas MH, Cohen MS, et al: Patterns of brain activation in people at risk for Alzheimer's disease,
The New England Journal of Medicine, 343(7):450-6. 2000.

Adult Consequences of Childhood Attention Deficit Hyper activity Disorder are Common. The
results of this important research suggest that narrow and unredigtic definitions of remission usedin
previous studies of Attention Deficit Hyperactivity Disorder (ADHD) may have led to the overly
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optimigtic view that ADHD is gone by adulthood — people "grow out of" the disorder. In fact, most
people studied with ADHD continue to struggle with a substantial number of symptoms and high levels
of dysfunction despite a sizable reduction in the number of symptoms necessary to meet full diagnostic
critieria To danify the extent to which childhood ADHD persists into adolescence, children with
ADHD werefollowed for 4 years and classfied as being in “ syndromatic remisson” (not mesting full
diagnodtic criteriafor ADHD), “symptomeatic remisson” (having fewer than the required number of
symptoms for the subthreshold diagnosis), or “functiond remission” (having symptomatic remission with
less than mild impairment). 1t was found that advancing age Sgnificantly affects dl forms of remisson for
ADHD and its subtypes (hyperactivity, impulsvity and inattention); however, the preval ence of
remisson varied condderably. Although syndromatic remission was frequent, a more modest
symptomatic remission was observed, and avery limited functiona remisson was achieved. Thisis
important because it sheds light on a common misperception that could have direct impact on the
trestment of this disorder in adults.

Biederman J, Mick E, Faraone SV: Age-dependent decline of ADHD symptomsrevisited: impact of remission
definition and symptom type. American Journal of Psychiatry, 157(5):816-8. 2000.

Measure of Sustained Attention Predicts Vulnerability to Future Schizophrenia Spectrum
Conditions. Schizophreniais adevastating mentd illness, one of the most chronic and disabling of the
severe mental disorders. In addition to the development of new treatments, NIH research isfocusing on
identifying factors that contribute to schizophrenia. NIH investigators have conducted studies leading
them to conclude that impaired attention in individuals who later develop schizophrenia-spectrum
conditions probably results from prenatd developmentd aonormadlities on the cdlular leve, and that it
may be amarker of abiologica vulnerability to schizophrenia. This study evauated the role of
atentiond deficitsin the development of schizophrenia and tested the utility of attentional measures for
illness screening. Measures of sustained attention (a continuous performance task tapping visud
atention) and of behaviord functioning were collected over a 15-year period from 87 subjects at high
and low risk for schizophrenia. Attentiond deficits were reliably detected in high-risk children who
eventudly developed schizophrenia-spectrum disorders. These deficits were stable over time, were
independent of behaviord difficulties, and were not affected by the onset of illness. Refining
mesasurement of attentiona deficits may some day yield a useful screening tool for high-risk youngstersin
need of early intervention.

Cornblatt B, Obuchowski M, Roberts S,et al: Cognitive and behavioral precursors of schizophrenia. Development
and Psychopathology, 11(3):487-508. 1999.

Tracing the Course of Prepubertal and Early Adolescent Bipolar Disorder. Once considered
extremely rare, childhood bipolar disorder (manic-depressveiliness) is being diagnosed with increasing
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frequency in children who aso have a diagnosis of attention deficit hyperactivity disorder (ADHD). An
ongoing study of prepuberta and early adolescent bipolar disorder (PEA-BP) is examining the
naturaigtic course of early-onset bipolar disorder in children with or without concurrent ADHD.
Ninety-three children (ages 8-13) with a current diagnosis of severe mania or hypomaniawith eated
mood and/or grandiosity were compared to children with ADHD and no manic symptoms aswell as
normal controls. Compared to both groups, the PEA-BP children had sgnificantly grester impairment
on items that assessed maternd- child warmth, materna-child and paternal- child tension, and peer
relationships. Supporting the contention that hypersexudity is a manifestation of child mania, it was
found among 43% of the PEA-BP group despite the absence of a history of sexual abuse. At 6-month
follow-up, 86% of the PEA-BP children dill met full criteriaand severity leve for mania or hypomania,
with eated mood and grandiogity highly stable. These findings are very important because they suggest
that PEA-BP may be agtable, vdid, and previoudy under-recognized condition.

Gdler B, Zimerman B, WilliamsM, et al: Diagnostic characteristics of 93 cases of a prepubertal and early adolescent
bipolar disorder phenotype by gender, puberty and comorbid attention deficit hyperactivity disorder. Journal of Child
and Adolescent Psychopharmacol ogy, 10(3):157-64. 2000.

Gedller B, Zimerman B, Williams M, et d: Six-month stability and outcome of a prepubertal and early adolescent
bipolar disorder phenotype. Journal of Child and Adolescent Psychopharmacology, 10(3)165-73. 2000.

Severe Eating Disor der s Affect Black American Women Whileit is believed that egting disorders
are amore common problem in white than black women, atelephone survey of 1,628 black women
and 5,741 white women on binge eating and extreme welght-control behaviors (vomiting, laxative or
diuretic abuse or fagting) indicated otherwise. Although both groups reported binge egting at least once
during the preceding 3 months, recurrent binge esting, indicative of a clinically severe egting disorder,
was reported by significantly more black women than white women.  Also, black women were
sgnificantly more likely to report fasting, laxative abuse, or diuretic abuse. Regardless of race, women
with recurrent binge eating disorder reported significantly more psychiatric symptoms than did control
subjects and were overweight. These results challenge the widely held view that black women are
immune to developing esting disorders and indicate the potentia for correlated physica and mentd
hedlth problems.

Striegel-Moore RH, Wilfley DE, Pike KM, et a: Recurrent binge eating in black american women. Archives of Family
Medicine, 9(1): 83-7. 2000.

Use of Saliva as a Source of Biomarkersfor Cancer Diagnosis. A prognostic breast cancer
marker, c-erbB-2 (Her2/neu), is assayed in tissue biopsies from women diagnosed with maignant
tumors. NIH investigators obtained sdiva and serum from three groups congsting of heathy women,
women with benign breast lesions and women diagnosed with breast cancer. The sdivary and
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serologicd levels of the marker in the cancer patients were significantly higher (p<0.001) than the
sdivary serum leves of hedthy controls and individuals with benign tumors. These results suggest that
sivary c-erbB-2 protein may have potentid usein theinitid detection (in combination with
mammography and physical examination) of breast cancer in women. Dueto its ease of collection, a
saliva based test could be a non-invasive, cost effective adjunct diagnogtic tool.

Streckfus C, Bigler L, Dellinger T. et a: The presence of soluble c-erbb-2 in saliva and serum among women with
breast carcinoma: apreliminary study. Clinical. Cancer Research, 6(6):2363-70. 2000.

Standardized Clinical Information Can Predict Conversion to Alzheimer’s Disease.
Identification of individuds a high risk of developing Alzhemer’s disease (AD) has become an
important focus of research. This study identified aspects of a standardized clinical assessment that
could predict which individuas with “questionable’” AD would have a high likelihood of converting to
AD over time. The assessment instrument was the Clinica Dementia Rating (CDR), aclinicd interview
which stages AD from O (normal) to 0.5 (questionable), 1.0 (mild), 2.0 (moderate), 3.0 (severe) based
on Six categories. After recelving a CDR rating of O or 0.5, participants were followed for three years
to determine who converted to probable AD. The likelihood of progresson to AD during follow-up
was related to the Total Box Score, which isthe sum of the scoresin the six CDR categories. The
Totd Box Score, combined with 8 selected questions from the clinicd interview, identified 89% of those
questionable individuas who subsequently converted to AD over the 3 years of the study. These
findings are important for offering such patients appropriate counsdling, in clinicd trid recruitment and in
furthering our understanding of the boundary between norma aging and the earliest sages of AD.

Daly E, Zaitchik D, Copeland M, Schmahmann J, Gunther J, Albert M: Predicting conversion to Alzheimer disease
using standardized clinical information. Archives of Neurololgy, 57:675-80. 2000.

Pre-symptomatic Declinein Brain Function in Individuals at Genetic Risk for

Alzheimer’s Disease. Inindividudswith Alzheimer's disease (AD), the APOE-_4 gene is associated
with lowered cerebral glucose metabolism in parietal, temporal, and posterior cingulate brain
areas, as measured by positron emission tomography (PET) brain imaging. In this study, despite
similarities in age, gender, education, family history of dementia, and baseline performance on

memory and other cognitive tasks, individuals with APOE-_4 still had significantly lower brain
metabolism in several brain regions than non-APOE-_4 carriers at their first exam. After two
years these differences widened, as the APOE-_4 carriers showed a 4-5% metabolic decrease in
several brain regions compared to the non-APOE-_4 carriers. Moreover, lower baseline metabolism
at the start of the study predicted future cognitive decline in memory in subjects at genetic risk for AD.
Although longer follow up studies are needed to determine whether the APOE-_ 4 carriers actualy
develop AD, these findings indicate that the combination of cerebral metabolic rate and genetic risk
factors might be useful as ameansfor preclinica detection of AD.
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Small GW, Ercoli LM, Silverman DHS, et a: Cerebral metabolic and cognitive decline in persons at genetic risk for
Alzheimer's disease. Proceedings of the National Academy of Science, 97(11):6037-42. 2000.

In Vivo Detection of Amyloid Plaques. To accurately diagnose and monitor the progression of
Alzheimer’ s disease (AD), researchers have been searching for amarker to be used in living patients to
identify the senile plagues that are a hdlmark of AD and/or the beta-amyloid that comprises the plagues.
A new probe caled (trans, trans)-bromo- 2,5- bis-(3-hydroxycaronyl 1-4- hydroxy) styryl-benzene
(BSB) has recently been developed. BSB sensitively |labels plaguesin post mortem AD brain sections
and is able to permesate living cdlsin culture and bind specificaly to intracdlular beta-amyloid
aggregates. After intracerebral injection in living transgenic mouse models, BSB labels plaques
composed of human beta-us AD-like plagues throughout the brain of the transgenic mice. Thismay
become the basis for radiologicad imaging of senile plaguesin the brains of living patients thet would
permit monitoring the progression of AD over time and the clearance of plagues in response to anti-
amyloid thergpies.

Skovronsky DM, Zhang B, Kung MP, et a: In vivo detection of amyloid plaguesin amouse model of Alzheimer's
disease. Proceedings of the National Academy of Sciences, 97(13):7609-14. 2000.

The Predictive Value of Low Prostate Specific Antigen (PSA) Levelsin Older Men. Over the
past 10 years, prostate specific antigen (PSA) testing has become important for the early detection of
prostate cancer. However, because of the natural history of prostate cancer, the vaue of repeated PSA
testing may not be equivadent for al men. Scientigts therefore hope to optimize the use of PSA for early
diagnosis of prostate cancer by identifying populations of men who may be leest likely to benefit from
repeated PSA testing. Researchers examined men aged 60 to 65 with low PSA levelsto determine
their likelihood of being diagnosed with prostate cancer by age 75, an age a which the need for surgca
trestment would be unlikely. They found that if PSA testing were discontinued in older men whose PSA
vaues are less than 0.5 ng/ml, 100% of the cancers would still be detected by age 75. If alevd of 1.0
ng/ml were used as a threshold to stop testing, 94% of cancer cases would still be detected with no
further PSA testing. These analyses argue that men who are at low risk for the subsequent development
of progtate cancer can be clinicdly defined, and that continued screening is unnecessary in that
population.

Carter HB, Landis PK, Metter EJ, et al: Prostate-specific antigen testing of older men. Journal of the National Cancer
Institute, 91(20):1733-77. 1999.

New Test Proves Useful for Management of AIDS. Despite the success of treating AIDS patients
with combination antiretrovira therapy, the emergence of vira resstance to one or more of the drugsin
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the combination remains a problem in some patients. In order to minimize the possibility of a patient
progressing from partia to complete drug resistance, scientists have developed an assessment tool
cdled genotypic antiretrovird resistance testing (GART). GART is designed to screen for specific vird
mutations that are known to facilitate resstance to specific anti-retroviral drugs. In arecent study, NIH-
supported scientists demondtrated that the incorporation of GART in the management of patients doing
poorly on combination therapy led to better clinical outcomes than were achieved in a control group in
which GART was not used. These results suggest that GART may be useful for early detection and
potentid retardation of antiretroviral drug resstance.

Baxter JD, Mayers DL, Wentworth DN, et a: A randomized study of antiretroviral management based on blasma
genotypic antiretroviral resistance testing in patients failing therapy. CPCRA 046 study team for the terry beirn
community programs for clinical research on AIDS. AIDS, 14(9):F83-93. 2000.

New Test to Diagnose Lyme Disease. Lyme disease, which is caused by the bacterium Borrelia
burgdorferi, resultsis an inflammatory disorder that may effect multiple organ systems. Initsearly
stages, Lyme disease can be treated successfully with ora antibiotics; however, untreated or
inadequately-treated infection can progress to late-stage complications requiring more intengve therapy .

Ealy diagnosisisthus essentia. NIH-supported investigators have devel oped anew diagnostic test
(the C-6 ELISA test) for Lyme disease. Thisnew test is more effective because it relies on the use of a
sangle highly purified synthetic antigen, rather than an array of uncharacterized bacterid antigens, asisthe
case with the test currently in use. Another mgjor advantage is that the new test can be used to
diagnose individuals who have been immunized with the recently licensed LY MErix® vaccine.

Liang FT, Steere AC, Marques AR, et al: Sensitive and specific serodiagnosis of lyme disease by enzyme-linked
immunosorbent assay with a peptide based on an immunodominant conserved region of borrelia burgdorferi VIsE.
Journal of Clinical Microbiology, 37(12):3990-6. 1999.

GenelLinked to Developmental Syndromein Old Order Amish. Scientistsat NIH identified an
dtered gene responsible for arare, recessve developmenta syndrome found predominantly among the
Old Order Amish population. Caled McKusick-Kaufman syndrome, or MK, the condition isthe first
human disorder to be attributed to a mutation in a gene affecting a type of molecule caled a chaperonin.
The gene on chromosome 20, dubbed MKKS, was dtered in a sample from an Amish patient as well
asin asample from anon Amish patient diagnosed with MKKS. In both people, mutations were found
that would dter the protein.  Although the function of the protein made by the MKKS gene is unclear,
the researchers say that it may be involved in the processing of other proteinsin the development of
limbs, the heart and reproductive system.

The disorder is most seriousin femae infants in whom the hydrometrocol pos can cause deeth because
of lung compression complications. It is hoped that a screening process for carrier couples can be
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developed o that their pregnancies can be monitored for hydrometrocol pos by ultrasound. Affected
girls could be ddlivered in a setting that would alow rapid surgica correction that could be life saving.

Stone DL, Slavotinek A, Bouffard GG, et al: Mutation of a gene encoding a putative chaperonin causes M cK usick-
Kaufman syndrome. Nature Genetics, 25(1):79-82. 2000.

Scientists Pinpoint L ocation of Possible Third Gene Involved in Hereditary Breast Cancer to
Chromosome 13. Researchersin Finland, Iceland, and Sweden, working with scientists at the NIH,
have found evidence of anew gene that appears to increase susceptibility to hereditary breast cancer.
The study examined women who live in Nordic countries and who have three or more femde family
members with breast cancer. The finding may help explain why some women with afamily history of
hereditary breast cancer are at particularly high risk of developing the potentialy fatal disease, even
when they lack mutations in two previoudy identified breast cancer susceptibility genes, BRCA1 and
BRCAZ2.

Initidly, spelling errorsin the genetic code of BRCA1 and BRCA2 were theorized to account for
perhaps 90 percent of dl hereditary breast cancers. However, more recent research suggests that these
two genes account for asgnificantly smaler proportion of al hereditary breast cancers. While scientists
have not yet identified athird BRCA gene, they have succeeded in pinpointing its probable location to
chromosome 13, in an interva of about five million base pairs, aregion with an estimated 100 to 150
genes that must be evaluated one by onein order to identify the precise gene responsible for the breast
cancer risk.

The possible location of the suspected gene was firgt identified by gpplying atechnique caled
comparative genomic hybridization, or CGH, to breast cancer tumor tissues. The tissues came from 61
women with hereditary breast cancer, whose BRCA 1 and BRCA2 genes had no mutations. Results
from the CGH andyss revedled that genetic materia had been deleted in this region of chromosome 13
a an early stage in the development of the tumors, suggesting the presence of anew cancer-causing
genethere. Futher linkage andysis studies carried out on alarger group of 334 affected women
supported the CGH evidence for a new breast cancer susceptibility gene in the same region on
chromosome 13.

Kainu T, Juo SH, Desper R, etal: Somatic deletionsin hereditary breast cancersimplicate 13g21 as a putative novel
breast cancer susceptibility locus. Proceedings of the National Academy of Sciences, 97(17):9603-8. 2000.
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STORIES OF DISCOVERY

New Insightsin Assessing the Safety of Insecticides

For some time, there have been questions regarding the possibility that some people might exhibit higher
sengtivity to the widdly used insecticides Dursban (chorpyifos) and diazinon and their oxygen andogs.
A team of NIH-supported investigators has been exploring this suggestion by characterizing one of the
enzymes involved in the detoxification of the insecticides and by developing an animd modd system to
test hypotheses related to these questions.

These investigators studied whether the enzyme paraoxonase (PON1) plays amgor role in detoxifying
insecticides. The main function of PON1 appears to be protection from vascular disease; however,
PONL1 has an interesting aternative activity. It inactivates the toxic forms of insecticides aswell as some
nerve agents such as sarin and soman. 1f PON1 was discovered to be amgor detoxifying agent then
the large differences in serum PON1 levels observed between individuas would be relevant to
differencesin insecticide sengtivity.

A key chemica feature of the insecticides is the attachment of sulfur and phosphorus atoms. Once
ingested by organisms, the sulfur atom is replaced by an oxygen atom producing the oxon form of the
insecticide that is many times more toxic than the origind compound. During manufacturing of the
insecticides, other oxons are aso formed and more can accumulate after they are applied.

Initial observations by severa research groups noted that there were large differences in the rates that
serum from different individuals could inactivate the toxic oxon form of parathion, known as paraoxon.
These observations led to the concept that individuas with low levels of serum PON1 would be more
sengitive to a parathion/paraoxon exposure that people with high levels of PON1. Similar findings were
noted in studies of two other insecticides: diazinon and chlorpyrifos. Additiond studies provided
evidence that high levels of PON1 protect against some insecticides.

The researchers then asked: What is the consequence of having low levels of PONI? This question
was answered by determining the sengitivity of mice that were totaly lacking PONI (PONI knockout
mice). Experiments clearly demonstrated that the mice missng PONI have a dramatically increased
sengtivity to chlorpyrifos oxon and to diazoxon and its parent compound diazinon. The availability of
the PONI deficient mice allowed the group to inject different isoforms of the purified human PON1 and
examine their ability to provide protection againgt insecticide exposure. The results showed that both
isoforms provided equivalent protection againgt an exposure to diazoxon, however, PON1R,o, isoform
provided better protection against exposure to chlorpyrifos oxon exposure.

Researchers now think that the genetic differences in rates of inactivation of the oxon forms of
insecticides observed in the human population probably reflect differencesin sengtivity to diazoxon and
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chlorpyrifos oxon. In addition, the fact that Sgnificant levels of the oxon forms occur in many
exposures, leads to the conclusion that one of the mgor problems with safety testing of these
insecticides is that the tests use very pure parent compound, where as redl- life exposuresindude high
levels of the highly toxic oxon forms. These data suggest thet it isimportant in safety testing of
organophosphate insecticides to include ratios of oxon forms that reflect actua environmentd
EXPosUres.

How variable is the structure of PONI in human populations? PONI has two DNA sequence changes
(mutations) that result in amino acid changes in the protein. The two amino acid mutations are found a
positions 55 and 192. These investigators demonstrated that the amino acid present in the 192 position
determined which pesticides were best neutrdized by PONI. Arginine in this pogtion resultsin argpid
rate of paraoxon hydrolyss, and glutamine in this position a much dower rate of paraoxon hydrolyss.
The oppositeistrue for sarin hydrolyss. PONI with arginine in this pogtion hydrolyzes sarin very dowly,
while PONI with glutamine in this position hydrolyzes sarin much fagter. In addition to the effects of the
mutation on rates of insecticide inactivation, individuas have different amounts of PONI in their serum.
Newborns have very low PONI levels predicting an increased sengtivity to specific insecticide
exposures. Thus, depending on the insecticide, the level of PONI and the amino acid present at position
192 can make amgor difference in an individud's sensitivity to the specific exposure.

All of the data taken together, leads researchers to the conclusion that there are indeed individuals who
exhibit much higher than norma sengtivity to diazinon, chlorpyrifos, and their oxon forms. At risk
individuas include very young children and adults with low serum PONI concentrations. Scientists dso
now know that a significant contributor to the toxic effects of the exposure isthe level of oxidized
insecticide (oxon form) present in the exposure. This research underscores the important concept that
safety testing of this class of insecticides should include studies on direct exposure to oxon levels
comparable to those actudly experienced in red-life exposures.
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Why the Kidney Sometimes L eaks Protein — Studies of Cellswith Feet

Normd kidneys work very efficiently to cleanse the blood of waste products and retain norma blood
condtituents — water, sdlts, and blood proteins. Thefirst step in this processisfiltration of the blood
plasma by the rend glomerulus, a complex structure conssting of atiny bal of delicate capillaries
surrounded by specid cdlls caled podocytes. The human kidney has amillion of thesetiny filters
Massive quantities of fluid are filtered from the blood by the glomeruli, about one hundred and eighty
liters per day, but very little protein escapes. Blood proteins do not leak out becauise the filtration
properties of the glomerulus result in retention of large molecules such as dbumin and other proteins.
The podocyte — meaning cell with feet —isacritical component of thisfilter. New evidence establishes
that it plays the mgor role in synthesizing the scaffold that lets fluid through and holds back blood
proteins it isthe key to maintaining the integrity of thefilter.

Physcians have long been aware that leekage of protein into the urine is an important early sgn of
kidney disease, but the significance of even samal amounts of protein in the urine as arisk factor for
eventud kidney failure has only recently been gppreciated. In the last few years, severd large clinica
trids have examined the progression of kidney dysfunction to kidney failure; it has been found that
patients with smdl amounts of protein in the urine are much more likely to progress to kidney falure than
other patients who have equa degrees of kidney dysfunction but who do not have protein in the urine.
In patients with diabetes, the earliest warning for the presence of kidney involvement is the appearance
of smdl amounts of dbumin in the urine. Recent studies show that reduction in the amount of dbuminin
the urine is associated with stabilization of disease, and increases in dbumin and other urine proteins are
linked to development of kidney failure.

Another important condition characterized by protein in the urineis the nephrotic syndrome. The end
result of avariety of diseases, this condition is characterized by massive losses of blood proteinsinto the
urine. Loss of large amounts of protein in the urine causes a variety of disturbances in body function,
including retention of sdt and weter, high blood pressure and high cholesterol. One of the commonest
forms of nephrotic syndrome occursin children.  In somerare cases, it runsin families. Currently,
trestment of nephrotic syndrome focuses on identifying the underlying cause, if possible, and reducing
high cholesterol, blood pressure, and protein in the urine through diet, medications, or both. One group
of blood pressure medications, known as ACE inhibitors, which aso protects the kidneys of diabetic
patients, are sometimes helpful for reducing proteinuriain nephrotic syndrome, but in many casesthe
proteinuriaiis resstant to treetment. All these observations underscore the importance of understanding
the glomerular filter and learning what holds back proteins in the glomerulus and what causes leakiness.

Over severd decades, basic research on the kidney glomerulus has yielded a clear description of the

filtration barrier. We know that the filter is composed of three layers. the cdlslining the capillaries
(endothelid cells), the podocytes (the cdlls with feet) and the glomerular basement membrane, a
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collagenous gd that separates the two cdll layers. Stretching between the “feet” of the podocytesisthe
“dit digphragm,” the principd filtration barrier to large blood proteins.

The firgt genetic defect established to cause legk of proteinsinto the urine wasin the collagen molecules
that make up the glomerular basement membrane. Defectsin this form of collagen cause Alport's
syndrome, adisorder in which protein leeks into the urine, and kidney failure may develop. Kidney
biopsies from patients with Alport’s syndrome show very thin glomerular basement membranes. In
most conditions where there is protein in the urine, however, the glomerular basement membranes
appear structurally normd.

Increasingly, research interest has focused on the podocyte and on understanding the special molecules
that the podocyte uses to form the dit digphragm and maintain thefiltration barrier. 1n the past three
years there has been arapid series of important discoveries in understanding the molecular basis of
podocyte function — and mafunction. These ingghts have emerged primarily from the application of
genetic gpproaches to either man or mouse, but they have been helped by decades of studiesin rats and
indghts from the genome of the roundworm.

Thefirgt of these observations occurred in 1998, when scientists found the gene mutated in arare type
of hereditary nephratic syndrome found in Finnish families. The gene' s protein product, called nephrin,
was found to be expressad only in the podocyte and to be amaor component of the dit digphragm
filtration barrier.

In 1999, a second group of investigators discovered, unexpectedly, that massive proteinuria and kidney
fallure developed in mice that were atered geneticaly to lack a protein named CD2 adaptor protein
(CD2AP), aprotein not previoudy known to be important in kidney function. In fact, prior to these
gudies, CD2AP was thought to function only asa T lymphocyte protein and part of the immune system.
The researchers found that, in fact, CD2AP interacts with nephrin in the dit digphragm, and suggested
that CD2AP may serve to anchor nephrin to the podocyte.

Then, in March 2000, scientists reported the discovery — again usng genetic approaches — of athird
protein, named a-actinin-4, that is produced by a gene located close to the nephrin gene. Mutationsin
this gene cause a kidney disease cdled focal sclerosis that leads to nephrotic syndrome and kidney
falure in adulthood. The investigators showed that mutant a-actinin-4 actualy binds more strongly to a
protein in the podocyte that helps maintain the shape of the cell’ s foot processes than does a-actinin-4
from non-affected individuals. The mutant a -actinin-4 aso is produced at higher levelsin podocytes.
They speculate that dtered a-actinin-4 may act in adominant fashion to ater podocyte foot shape,
thereby dtering the Sructure of the dit digphragm and glomerular function, resulting in dow accumulation
of kidney damage.
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Following these observations in close succession was another report in April 2000, of afourth gene
which, when mutated, causes proteinin the urine.  The gene produces a membrane protein, named
podocin, and again, it is exclusvely expressed in the podocyte. 1t was found to be defective in thirteen
familieswith aform of nephrotic syndrome that presentsin infancy and leads rapidly to kidney failure.
While the precise function of podocin is not yet known, it is very smilar to aprotein caled MEC-2
found in the roundworm, C. elegans. MEC-2 functions to link stretch- senstive ion channels on the cell
surface with internd skeletd structures of the cell. Thus, these investigators suggested that podocin may
be important for cell-surface interactions criticad in maintaining the shape of podocyte foot processes.
This research is an example of how detailed knowledge of the genome of a smpler, non-mammdian
modd system has helped to accelerate the pace of human disease research. In the case of C. elegans,
investigators will be able to perform studies of the podocin-like protein to define its interactions with
other proteins. This information will bear directly on the sudy of thefiltration barrier in humans.

Studies of these four proteins — nephrin, CD2AP, a-actinin, and podocin — are revolutionizing our
fundamenta knowledge of the molecular mechaniams of glomerular filtration. As abnormd function of
thefiltration barrier isamgor complication in most clinicaly important kidney diseases, such as
hypertensive nephropathy and diabetic kidney disease, further studies of these proteins has great
promise to suggest new drategies for treatment and prevention.
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